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POtOT»gT!De> DMA AND ITS U86 



This inventen rei^BS to 3 human' basic fibroCtfast growth ^tctor (hereinafter sometimes referred to as 
"hbFQI=^ anctta a method for producing the hbPBF by a genetic engineering technlqua. 

The basic fiisrat^tast growth factor (bFQF) is a basic pofypeptide hormone which Is secreted mainfy fjfxm 
the pfturtaiy gland and has a motecular weight of about r7,000. It was first isolated as a factor showing 
s potent growth pnoirwttng actkMi on fibrobiasts such as BALB/c3T3 cells p. Qospodarowicz: Nature. 248, 123 
(1974)1. Later, however, it was revealed that it exhibits growth-promoting action on almost all mesoderm- 
derived cells [D. Gospodarowicz et ai.: National Cancer Institute Monograph, 48, f09 (1978)]. The vasculariz- 
ing acthnty of bFGF, among others, conjointiy with its cell growth promoting activity, suggests ttie possibility 
of its use as a therapeutic agent for lemons and as a preventive and titerapeutic agent for thrombosis, 
70 arteriosclerosis the iike^ Howemr, the qusitity of naturally occurring hbFGF Is very slight and attempts 
to obtain this factor from humar tissues have encountered serious difficulties arising from various 
restrictions and limftaSons. Accordingiy, the amino add sequence of ht>FQF has not been determined as 

On the ottier hand, animal-derived bFGF, fbr which the material required is available comparatively 

78 reacfily, has already t^een obtained in a purified form from the bovirte pituitary gland, fbr Instance, and its 
amino add sequence has been determined [F. Esch et aL: Proceecfings of tiie f^onal Academy of 
Sciences of ttie Untied States of America (Proc. Natf. Acad. Sd. USA). ^ 6507 (1985)1. However, in tills 
case, too, large scale production Is very difficult 

As mentioned above, much remains unknown of the properties and amino add sequence of hbFGF and 

20 ttie relevant gene. Therefore, for enabling its use as a drug, an earnest desto has been felt to identify ttie 
gene coding for the factor and develop a mettiod for produdng the protein on a large scale by utiBzing the 
genetic engineering technology. 

Generally, proteins derived from animals dose to humans show very high homology with respect to 
tfieir amino add sequences eatd, in most cases, ttie differential amino adds are derived by one point 

28 mutation relative to the codons. Therefore, ft is presumat>le ttiat the ONA sequence derivable from tiie 
amino add sequence of the above-mentioned bovine bFGF should be very similar In part to ttie DNA 
sequence of the hbFGF gene alttiough a numt)er of ONA sequ«ices migtit be possible due to degeneration 
of codons. Based on such assumption, ttie present Inventors synthesized part of ttie bFGF gene having tiie 
possibfe nucleotide sequences, cloned ttie hi>FGF cOI^IA from human cells using said part of ttie bFGF 

so gene as a DNA probe aid constructed a recombinant Of4A Involvfng said hbFGF cOi^ It was thus found 
ttiat cultivation of a transformant U an sfonned wittt said DNA can result in production of hbFGF. The prssent 
inventors conducted furttter resmches on the basts of these findings and. as a result, have now completed 
tfie present invention. 

Thus, the present invention provides: 

35 (I) A human basic fibroblast growtti factor (II) which is a polypeptide including the amino add 

sequence: 

Pro-Ala-ljeu-Pro43bHAsp-Giy-<Sy-Ser^^ 
Ly8-A8n-^y-Gly'4>he-Phe4.eu-Arg-lle-f^^ 
Oe4.ye-Leu-Gln-i.eu-Qln^Ala^3ki-^ 
40 Lys-GIu-A8p-<Sy-Arg4jeuHLeu-AI&^r^.ys-Cy»*Val^^ 
Am-Tyr-A8n-Tfir-TyrArg-Ser-Arg<ys-Tyr*Thr-Ser-Trp- 

G!Y-S^ys-Thr<3ly4>ro-Qly-GIr>4.y9-Ala^^ I ) 

(2) A recomt)inant DNA (HI) which contains a base sequence coding for ttie human basic fibroblast 
growth factor (11); 

45 (3) A tr an sfoiinant as transformed as a host ceD witti a vector Including the DNA (Ui); 

(4) A method fbr produdng a transformant wiUch comprises subjectfotg a tiost cell to transformation 
with a vector Induding ttie DNA (HO: 

(5) A method for produdng the human tiasic fibroblast growtti factor (10* which comprises cultivating 
a transformant of said item (3) in a medium and recovefing the factor as produced and accumulated in ttie 

so cultured brotti; 

(6) A sut)stantially pure human basic fibroiilast growtti factor {mtein, the factor being obtained by 
genetic engineering tedinique; and 

(7) A metfiod for produdng a substantially pure human kiasic fibroblast growth fector protein, wiiich 
comprises subjecting a basic fibroblast growtii fector obtained by a genetic engineering tachniqu to a 
purification procedure of high performance liquid duomatography using a iieparfn column. 
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The hbFGF (t(> according to this invention contains at least ttie polypeptide of fbrmuia (I). 

The above ONA (ltl> preferably has a base sequence (V) containing, among ottiers, the base sequence: 
CCCQCCTTGCCCGAQGATQQCQQCAQCQQCQCCTTCCCQCCCQQCC 
ACTTCAAaGACCCCAAQCQQCTQTACTQCAAAAACQQQQQCTTCTTC 
ff CTQCGCATCCACCCCGACQGCCGAGTTQACQQQQTCCQQQAQAAQA 
QCQACCCTCACATCAAGCTACAACTTCAAGCAGAAGAGAGAQQAQTT 
GTQTCTATGAAAGGAGTGTQTQCTAACCGTTACCTGGCTATQAAQGA 
AQATGQAAGATTACTGGCTTCTAAATGTGTTACQQATGAGTQTTTCTT 
TTTTQAACGATTGGAATCTAATAACTACAATACTTACCQGTCAAGGAA 
70 ATACACCAGTTGGTATGTGQCACTGAAACGAACTGGGCAGTATAAACT 
TQQATCCAAAACAGGACCTQGGCAGAAAGCTATACTTTTTCTTCCAAT 
GTCTGCTAAGAGAGC{IV) 

Preferred as the hbf=GF concerned with the ONA, transformant and production method according this 
invention Is tfte hbFGF (II) as represented by tiie amino add sequence given above. 
T9 An expresaon vector which contains a DNA having a base sequence coding for the polypeptide of the 
hbFGF protein and is to be used in carrying out the method of this invention can be produced, for example, 
by: 

(a) Isolating an RNA coding for hbFGF; 

(b) Symhesizing a single-stranded complementary ONA (cONA) based on said RNA and tiien 
20 synthesizing tiie corresponding double-stranded ONA; 

(c) Inserting said complemerttary DNA into a plasmid; 

(d) Transforming a host with tite resultant recombinant plasmid; 

(e) Cultivating ttie transfomnant ofc>tained and isolating ttiat plasmid which contains tiie ONA as 
desired from the transformant by an appropriate mettiod, for example by tiie colony hyt»idization mettiod 

25 using a ONA prot)e: 

(f) Bcdsing the cloned, desired ONA, from said plasmid; and 

(g) Inserting said cloned DNA into a vehicle at a site downstream from a promoter. 

RNAs coding for hbFGF can be obtained from a variety of hbFGF-produdng cells, for exampi human 
pituitary«derived cells or human fibroblasts. As said human fibroblasts, there may be mentioned W138 • 
so (ATCC No. CCL-75) and IMR90 (ATCC No. CCL-186), among others. Said cell lines W138 and iMR90 are 
listed on tiie Catalogue of Cefl Lines & Hybridomas, 5tti edition, 1985, published by The American Type 
Culture Collection. 

As a method for RNA preparation from hbFGF-produdng celts, there may be mentioned ttie guanidine 
thiocyanate metiiod [J. M. Chirgwin et al.: Biochemistry, 18, 5294 (1979)], for Instance, 
as Using ttie thus-ot>tained RNA as tiie template togetiier with reverse, transcriptase, a cONA is syn- 
tiiesized by the method of H. Okayama et al. [Molecular and Celkjiar Biotogy, 2, 161 (1982)], for instance, and 
the cONA obtained is inserted into a plasmid. 

The plasmid into which said cONA is to be inserted is. for example, a plasmid derived from Escherichia 
coll such as pBR322 [(3ene. g, 95 (1977)1. pBR325 [Qene, 4 , 121 0978)], pUC12 [Gene, 19. 259 (1982)1 or 
40 pUCta [(3ene. », 259 (^2)1 or one derived from Bacillt^ subtiHs such as pUBiK) [Biochemical and 
Biophysical Resemh Communications. Ijg, 678 (1983)]. Any otiier plasmids capable of being replicated and 
mcMalned wittiin the host employed may be used as well. 

As a method for insertion into a plasmM, ttiere may be mentioned the mettiod described by T. Maniatts 
et aL in Molecidar Cloning, Cold Spring Harbor Laboratory, page 239 (1982), among ottters. 
40 The plasmid with tiie above cONA inserted therein may be a plasmid obtained by using tiie cONA 
library produced by inserting cONAs synttiesized on the basis of mRNAs derived from normal human 
diploid ceils into the pCD vector [cf. Okayama et al.: Molecular and C^ellular Biology, 3, 280 (1983)] with 
scherichia cofi >I77B being used as ttie host [such library being available from Dr. Oka^wna at ttie National 
Institute of Child Healtti and Human Development, Betttesda, USA). 
50 The plasmid otitained in this manner is introduced Into an appropriate host for example a bacterial 
strain t^elonging to the germs Escherichia or Bacillus. 

Examples of the above strain of the genus Escherichia are Escherichia coll KI20HI [Proc. Natt. Acad. 
Sd. USA, (60 (1968)], MI03 [Nucleic Adds Research, 9. 309 (1981)], JA22I [«toumal of Molecular Biology, 
517 (1978)L HBIOI [Journal of Molecular Biology. 41, 469 (1969)] and C60Q [Genetics, ^, 440 (1954)]. 
56 Examples of ttie above strain of ttie genns Badllus m Badllus subtills Mni4 [Gene, 24, 255 (1983)] and 
207-21 [Journal of Biochemistry, 95, 67 (1984)]. 

r 
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As a method far effecting transformation, there may be mentioned the caidum chloride or caidum 
chlorida/lruttdunT chfcalde method described by T. Maniatis et aL in Moieculv Ooning. CoW Spring Harbor 
Laboratory^ page 248 among others. 

From among the thua-c*itained transfotmants* the desired donee are selected by a ger se known 
5 ©xample by the coiony hybridization method [Gene, 63 (1980)} plus the DMA base^uence 

detennfnation nreihod [Proc NeSLAcatL Sd. USA. 74 , 560 (1977); Nbdetc Adds Research. 0, 2Q9 0980]. 

In this way, a microorganism whfch carries a vector having a doned ONA containing an hbFQI=^ 
erYcoding base se quence is obtained. 

The piasmid pTBe27 harbored by the transfbrmant Escherichia coli KI2DHl/lpTBe27 obtained in 
70 Example I (!) to be described later herein has a DNA containing an hbFGF (II)-encodlng base sequence. 
The restriction enzyme cieavage sites on said DNA are shown in Rg. 2. As shown in l=tg- 2, said DNA 
contains about 4,000 base pafrs and is deaved into 4 fragments by the restriction enzyme PstI or Hind HL 
The base sequence coding for hfaFQF (10 resides on the most upstrean Hindlli fragment (on the left end in 
Rg.^. 

T5 The plasmid is tsoiated from said microorganism. 

For such pJasmid isolation, the ailcaiine extraction method [H. C. Bimbdm et alj Nudeic Adds 
Research, 1, 1513 (I979)L for instance, may be used. 

The above-mentioned piasmid fiaving the doned DNA containing the hbFQF-encoding base sequence 
is used as it is or, as desired, subjected to restriction enzyme treatment for excision of said DIMA. 
20 Expression vectors can be obtained by inserting the doned cONA into a vehlde (vector) suited for 
exfms^on of said cDNA at a sits downstream of a promoter. 

Said vector indudes, among others, the above-mentioned Escherichia con-derived piasmids (e.g. 
PBR322. PBR325, pUCI2, pUCt3) and Badllus subtfUs -derived piasmids (e.g. pUBIIO. pTP5, pC194)"as wen 
as yeast-derived piasmids (e.g. pSHI9, pSHiS). bacteriophages such as X phage, and animai viruses such 
25 as retroviruses md vaccinia vims. 

Said cONA may ham ATQ as the transiational start codon at its 5' end. It may also have TAA, TQA or 
TAG as a transi^onal tenmtnation codon at the 3' end. For effecting expression of said cDNA , a promoter 
Is connected thereto €^ a site upstream from said cONA. The promoter to be used in the practice of the 
invention may be my promoter If it is appropriate aid ad^rted for the host employed for the expression of 
30 saidcONA. 

When the host to be transformed is a str^ belonging to the genus Escherichia, the trp promoter, lac 
promote, rec A Promoter, XPL promoter and ipp prornoter are prefenred among others. VVhen the host Is a 
strain of the genus Badlhis, the SPOl promoter, SP02 promoter and penP promoter, for instance, are 
preferred. When the host is a yeast strain, the PH05 promoter, PQK promoter. GAP promoter and ADH 
35 promotar are preferred amongst others. In particular, it is preferable that the host should be a strain of the 
genus ^dleridiia and that the pronnoter should be the trp promoter or XPL promoter. 

When the host is an animal ceil line, SV40-derived promoters and retrovinis promoters are usable 
among others. In particular, SV40-derived promoters are preferat>ie. 

The thus-constructed vector containing the DNA 010 is used to produce transfbrmants. 
40 Bcamples of the host include strains belonging to the genus gscherichia, strains belonging to fte genus 
P^*"^ yeasts and anbnal cells. Representative examples of the strains of the genera &::herichia and 
Badllus are those mentfoned her^nbefore. 

As the yeasts, there may be mentioned Saccharomvces cerevlsfae AH22R-. NAST-OA and DKD-6D, for 
instance. 

-« As the animal cells, ceU Rnes are preferred, and there may be mentioned monkey COS-7 [Qluzman, Y, 
can ^ 157 (1881)] and Vero cells, Chinese hamster CHO cells, mouse L cells and human FL cells, among 
others. 

The transformation of the above-strains of the genus Escherichia Is conducted by the method 
described in Proc NatL Acad. Sd. USA. », 2fl0 (187^ or In Qene. 17. K17 (1889. for instance, 
so The transformation of a strain of the genus Badllus is perfonned, for example, by the method descn*bed 
in Molecular and (ieneral (Benetlcs, m. III (1878). 

The transfomiation of yeasto is carried out, for example, by the method described In Proc. NatL Acad. 
Sd. USA, 22. ©29 (1878). 

The transformation of animal cells is conducted by the method described In Virology. 52. 458 (1973), 
55 among otttere. 

in this manner, there are obtained transformants as transformed with vectors containing the DNA 01)- 
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The mecfium to be used In cultivating a transfonnnant otrtained with a strain of the genus Escherichia or 
Badllua as the host is suitably a liquid one which contains substances required for the growth of said 
transfbrmant for example cartx)n and nitrogen sources and Inorganic nutrients. Glucose, dextrin, soluble 
starch and sucroser for instance, may serve as carbon sources. Ammonium salts, nitrate salts, com steep 
6 liquor, peptone, casein, meet extract, soybean calce and potato extract may sen/e as nitrogen sources. As 
the inorganic nutrients, ttier may be mentioned caldum chloride, sodium dihydrogen phosphate and 
magnesium chloride, among others. Yeast extracts, vitamins, growth promoters like may further be added. 

The medium should preferably have a pH of about 6 to 8. 

M9 medium containing glucose and casamino acids (Miller Journal of Experiments in Molecular 
10 Genetics, 43M33, Cold Spring Hartjor Laboratory, New Yori<, 1972), for instance. Is a preferable medium for 
use In cultivating microorganism of the genus Escherichia . For efficient perfonnance of the promoter 
function, such an agent as 3-)3-{ndoiylacryilc acid in the case of trp promoter, for instance, may be added as 
necessary. 

When the host is a microorganism of the genus Escherichia, the cultivation is conducted generally at 
75 about 15 to 43'*C for about 3 to 24 hours. If necessary, aeration and/or stirring may be made. 

When the host Is a microorganism of the genus Bacillus, the cumvation is peffomned generally at about 
30 to 40*C for about 6 to 24 hours. Aeration and/or stirring may be conducted as necessary. 

When tiie host is a yeast transformant Burkholder's minimum medium [Bostian, K. L et at.: Proc. Nati. 
Acad. Sd. USA, 77 , 4505 (1980)1, for Instance, may be used as the medium. The pH of the medium should 
20 preferably be ad]usted to atx)ut 5 to & The culth/ation Is carried out generally at about 20 to 35*C for about 
24 to 72 hours, with aeration and/or stirring as necessary. 

As the medium to be used in cultivating an animal cell transfbmnant ttiere may be mentioned, for 
example. MEM medium [Science. 1^ 501 (1952)], OMEM medium [Virology, 8, 396 (1959)], RPMI 1640 
medium [Journal of tiie American Medical Association, 199, 519 (1967)] or 199 medium [Proceedings of the 
25 Society for tiie Biological Medicine, 73 . 1 (1^)1 which Is further added about 5 to 20% of fetal calf 
serum. The medium should preferably have a pH of about 6 to a The cultivation is carried out generally at 
about 30 to 40'C for about 15 to 60 hours, with aeration and/or stirring as necessary. 

The hbFGF protein can be isolated in a purified form from the above cultivation product for example by 
ttte following nnetitods: 

30 In extracting ttte hbRBF protein from cultured ceils, said cells after cultivation are coliectad by a known 
method and then processed by an appropriate method such as the method comprising suspending tiie cells 
in a tMiff^ solution containing a protoln-denaturing agent such as guanidine hydrochloride to thereby cause 
extracellular dissolution of ttie desired protein or tiie metfiod comprising cfismpting ttie cells by French 
press, sonicetion. lysozyme treatment and/or freezing and ttiawing, followed by centrifugation for the 

36 recovery of the hbFQF protein. The French press treatment or combined use of lysozyme treatment and 
sonlcation are particularly preferred. 

For the purification of the hbFGF protein from ttie supernatant obtained In ttie above manner, 
appropriate combinations of known isolation and purification methods can be used. As such known isolation 
and purification methods, ttiere may be mentioned ttie mettiods utilizing solubility di ffftences. such as the 

40 salting-out method and solvent precipitation method, the methods utilizing molecular weight differences In 
ttie main, such as ttie dialysis mettiod, ultra-filtration mettiod, gel filtration mettiod and SOS-polyacrylamide 
gel electroftfioresis mettiod, ttie mettiods utilizing charge differences, such as ttie ion exchange chromatog- 
raphy mettKXi, the mettiods utilizing specifk: affinities, such as ttie affinity chromatography mettiod, the 
mettiods utilizing hydrophobidty differences, such as ttie reversed phase high perfc^mance Oquld 

45 . chromatography mettiod, and ttie mettiods utilizing isoelectric point differences, such as ttie Isoelectric 
focusing mettiod. among ottiers. 

More specifically, contaminant nudeic adds and acidic proteins can be removed from the above- 
mentioned supernatant by subjecting said supernatant to ion exchange chromatography using DEAE- 
ceflukise or the like. For example, it is efficient to apply ttie supernatant to a DEAE-cellutose column 

so equlHbratad witti an almost neutral buffer (e.g. Trie buffer) and collect ttie effluent fmrtion. When said 
effluent fraction Is subfected to ton exchange chromatography using CM-celluk>se or ttie like, tfie hbFGF 
protein, which is a bask: protein, is adsorbed on ttie canrier and can be eiuted witti a salt solution. 
CA4-cellulose or the iike adcfic resin column chromatography can be used for the bacterial extract dlrectiy to 
purify hbF(3F. 

55 For example, it is effldent to apply ttie supernatant to a CM*celkjtose column equilibrated wHh a sUghtiy 
addk: buffer (such as phosphate buffer). After washing ttie column witti ttie same buffer, hbFGF can be 
recovered by eluting tii column with ttie buffer containing additional salts (such as NaCI). The eluate can 
be lyophiOzed after dialysis. 



5 



0 237 968 



Affinity chromatograptiy using heparin-Sepharose can be suitably appifed to purrfying hbFGF rn E- 
scherichia coll extracts. Thus, for instance^ the hbFGF protein can be purfffed by appfying the above ehsS 
to a heparin-Sepharose column equi&brdBd with m aimost neutral buffiar (e^. Tris or phosphate buffer), 
washing the column thoroughly and perfonnfng ekjtkm by Rnear gracSent constructed with NaCl or the like. 
5 Heparin columns (e^ Shodax AF^iak ttfM84, avayabfe from Showa Denko. Japan) developed for high 
performacen liquid chromatography are particuiariy efffdent 

In this case, hbFGF can be recovered as homogeneous product in the same manner as in the case of 
the heparin-Sepharose column mentioned above, namely by applying the sample to a heparin column with 
an about neutral buffer, washing the column thoroughly and conducting elution on a linear gradient 
70 constructed with NaCf. for instance. 

The thus-obtained product can be made up into a dry powder fbnm by dialysis and lyophillzation. To 
preserve the product with an added carrier (e.g* serum albumin) is desirable since the adsorption of the 
product on the vessel wall can be prevented thereby. 

Furttiermore. it is prefiBrBble to add a sSght amount of a reducing agent In the course of purification or 
75 preservation, in order to prevent an oxidation of the product 

As examples of the reducing agent there are mentioned ^-mercaptoethanol. dithiothreftol. glutathione, 
and so forth. 

In this way. substmrtially pure bhFQF can be obtained. The suiistantially pure hbFQF according to this 
Invention Includes pnxJucts whose hbFQF protein content is not less than 95% (w/w) and, more preferably. 
20 products whose }:\bFQF content is not less than 98% (wAv). 

As an example of the hbFQF protein obtained by a genetic enginering technique according to this 
invention, there may be mentioned the protein including the polypeptide having the amino add sequence 
shown in Rg. 1. Said polypeptide may have Met at the N-terminal thereof. 

The actMty of the thus-formed hbFQF can be assayed in terms of the BALB/c 3T3 ceO growth 
25 promoting effect for instance* 

When gene-infected or transformed with the DNA according to the present invention, various cells in 
which* intrinsically, hbFQF cannot be synthesized or can be synthesized only in slight amounts, can allow 
synthesis of hbFGF in large amounts md thus can induce htsFGF advantageously. 

When introduced Into various cells, the expression plasmid containing the cDNA coding for the hbFQF 
30 protein according to the invenOon can make said ceils to produce hbFQF. so that hbFQF can be obtained in 
large quantities. The so-produced hbFQF exhibits potent cell growth promoting action, and its toxicity is 
low. Therefore, the hbFQF can be used as a cure promoter for bums, wounds, postoperative tissues, etc, 
or as a therapeutic agent for thrombosis, ^teriosderosis, etc which is based on Hs vascularizing effect 
Furthermore, it can be used as a reagent for promoting cell cultivation. 
35 For Its phaimac^cal use* the hbFQF product according to the present Invention can be safely 
administered to wmn-blooded animals (e.g. human, mouse, rat hamster, rabbit dog, cat) parenteraOy or 
orally either ger se in a powd^ ftrnn or in the form of phamiaceutical compositfons (e.g- Injection, tablet 
capsule, solution, ointment) made up together with pharmacologically acceptable carriers, exdpients andAor 
diluents. 

40 In^ctAle preparatknis can be produced by a conventional metfKxl using, for example, physiological 
saline or an aqueous solution containing glucose and/or other adjuvant or adjuvants. Tablets, capsules arxl 
other phanrnaceutical c om posit to is can be prepared as wen by a conventlcmal nnethod. 

When hbFQF according to the present Invention is used as a reagent for promoting ceU culture, the 
hbFGF is added preferat)ty In an amount of 0.01 to 10 ug. more praferably 0.1 to 10 ug. per Rter of 

48 mecfium. 

When hbFGF of the present invention is used as tfte cure promoter or the therapeutic agent, the 
amount of the hbFGF to be administered to the warm-blooded animals is smalt and an appropriate amount 
Is selected Ihm I ng to 100 ug/kg a day according to the route of administration or symptoms. 

hbFQF can be produced in large quantititBS by cultivating tfte Iran sfonnants according to the present 
60 invention in a medium, so that hbFGF which is useful as a drug and the like can be suppSed In large 
quantities. 

In the specification,datms and drawings, the atsbrevlations used for bases, amino adds and so on are 
tfrose recommended by tfte lUPAC-lUB Commission on Biodiemical Nomenclature or those conventionaity 
used in the art Bcamples are given betow. Amino adds for which optical isomerism is possible are, unless 
^ othenwise spedffed, in the L form. DMA : Deoxyribonucleic add 
cOt^ : Complementary deoxyribonucleic add 
A : Adenine 
T : Thymine 
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Q : Gu^ne 

C : CytosiTO 

RNA : Rlbonudelc add 

dATP : Oeoxyadsnoaina triphosphate 
5 dTTP : Deoxythynmdn&triphQsphtt 

dQTP : E3eoxyguanosin» tri pi i oaphato 

dCTP : Deaxycytidm triftfisophata 

ATP : Adenostna triphospiiata 

Tdr : Thymidine 
70 EOTA : Ethyelenedtaminetetraac^c add 

SOS : Sodium dodecyl sutfato 

Gly : Glydne 

Ala : Alanine 

Val : Valine 
76 Leu : Leudne 

lie : Isoleudne 

Ser : Serine 

Thr : Thraonine 

Cys : Cyatdne 
20 Mat : Methionine 

Glu : Gkitamic add 

Asp : Asparticadd 

Lys : Lyaine 

Arg: Arginlne 
25 His : HIsticfine 

Phe : Phenylalsdne 

Tyr: Tyrosine 

Trp : Tryptophsi 

Pro : Proline 
30 Asn : Asparagfne 

Gin : Ghitamine 

The tranaformant Esdwrfdila coH K12 DHI/pTB 627 otitained in Exampta 1 (I) to t)e descHt»ed later haa 
been deposited at the InstHuta for Fermentation, Osaka (IFO), Japan since Mardi 13, 1986 under the 

3S accesdon number of IFO 14464. Thia microorganism haa alao been deposited at the Farm ntation 
Research Institute, Agency of Industrial Sdence and Technology, Ministry of International Trade and 
Industry (i=RI), Japan since April 2, 1688 under the accession number of FERM P-6726, and the deposit haa 
been converted to a deposit under the Budapest Treaty and the microorganism has been stored at FRI 
under the accesdon number of FERM BP-(280. 

40 The tranafDrmant Escherichia coB K12 MM294/|pTB668 obtained in Example 3 (1) to be described later 
has been depo si ted at the IFO dnce August 11, 1986 under the accession numt»er IFO 14532. Thia 
microorganism haa also been deposited at the FRI since August 21, 1986 under the accesdon number 
FERM P-89ia and the deposit has been converted to a dapodt under the Budapest Treaty and the 
m ic roor gani sm haa been stored at FRI under the accession number of FERM BP-128i. 

45 The transfbnnant mause L-bFQF-5 cell obtained In Example 5 (3) to be described later has been 
deposited at the IFO dnce July 30, 1986 under the deposit number of IFO 50002. 



Brief Descrfption of the Drawlnqa 

50 

Rg. 1 showa the base sequence of the cONA obtained in Example 1 (3) 
and the amino add sequence estimable from said base sequence. 

Rg. 2 showe the restriction enzyme map of the cONA portion (about 4^ kfop) and the vidnity thereof 
of the ptasmid pTB627 obtained in Example I (5). 
65 Rg. 3 showa the construction scheme for the plaamid pTB669 obtdned in Example 3 (1). 

Rg. 4 showa the construction schem for th plaantld pTB 735 ot>tdned In Example 4 0). 

Rg. 5 shows the construction sdteme for the plaamid pTB663 obtdned in Example 5 (I). 

Rg. 6 shows the elution pattrni from the HPLC-heparin cdumn as obtdned In Exampte 6. 
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Fig. 7 stows t!» SDS-polyacrytfflTude gel electTXDphoresis pattern of the peak \ fractfoo as obtained in 
Example 6l 

Rg. 8 shows the results <tf reversed phase d irurnato giaphy as obtained in Example 7. 
Rg. 9 shows the resutts of SOS-polyacrytemde gtik electrophoresis as obtained in Example 7. 
5 Rg. (Q shows the elutioa pattern of tfie CM^kilose coham chromatography as obtained in Example 

8. 

Rg. II shows the eluttet patlwn of ffie HPljC-hepafn column of the eluate of CM-ce«ulose cofcim 
chromatography, as obtained in Bcample 8. 

Rg. 12 shows the elution p^tem of HPLC-heparin column as otstained in Example 10. 

Scamptes 

The following exanples Stetrate the present im(ention in further detail, but are by no means limitative ' 
75 of the present inverrtion. 



Bcample I (Construction of a pfasmid) 

20 (1) Isolation of cONA-contalning plasmid: 

A cONA nbrary wHh Escherichia coH x177B as the host as produced by inserting cDNA synthesized on 
the'basis of human fbresldn derived primary culture cell mRNA into the pCO vector [Okayama et aL: 
Molecular CeH Bfology. 3. 280 (1983)] was given by Dr, Okayama at the National Instftute of CWkJ Health 
and Human Deyetopment, Bethesda, USA, The plasmid DMA was extracted from this cDNA library by the 

28 alkafine extraction method [Blortxilm, H. C. & Doty, Nucleic Ackls Research. I, 1513 (1979)1 aid E- 
scherichia ^ DH1 was infscted with this ONA. A cONA library was thus produced' with Escherichia coQ 
0H1 as the host S^Sfarary comprised about 2 10" donas. 

The above cDNA Bbrgy with Escherichia cog PHI used therein was plated on 10 pieces of nitrocettutose 
mter (Miinpore's HATF titter) In an amount of about 5 » 10* clones per filter. Using these filters as master 

30 filters, 20 repUca fitters were prepared in 10 pairs conesponding to the master fitters. Escherichia coO cells 
on these repQca fitters were lysed wtth 0.5 N NaOH and plasmki ONAs exposed and denatured were 
immobilized on the fitters [Qrunstein, M. & Hogness. 0. Proa Nat). Acad. Set. USA, 72^ 3961 (I975)J. 

On the other hand, based on the amino ackl seqt^nce of bovine bask: fibroblast growth fatitor as 
reported by F. Esch et aL (Proa NatL Acad. Scf . USA. ag, 9507 (IM5)1 base sequences corresponding to 

35 two amino ackl sequences covering amino ackls ^tos. 13-20 (Pro-Pro-Gty-Hl8-Phe-Lys-Asp4»ro) and amino 
aads Nos, 89^ (Thr-Asp-Glu-Cys-Phe-Phe-Phe-Qhi). respectively were chemically synthesized. (A unk^ue 
nucleotide was selected at certain third posttions at degenerated codons.) Thus, the base sequences 
synthesized were 5' QQ^^a TC% TT* /q AA*/q TGQCCAQQAQQ and 5' TC*/q AA%AA% AA% CA^/c TC 
GTCGOr. each underilned base being one selected.) TiIese"oOgonucfeotkles were labeled wtth »P atthe 5* 

-<o end by treating said oligonucleotides in 50 ul of reactfon mixture [0.1 ug of ofigonudeotkie. 50 ml^ Trie- 
Ha. pH 8X>. K) mM MgO.. 10 mM mercaptoethanol. 50 uQ ATP (>5.000 Ca^mmole). 3 unfts of T4 
polyraicieotfcie kinase (Takara Shuzo. Japan)] at 37*C for I how. 

The thus-labeled oBgonudeotkies of the above two kinds were incfivldually hybridized as probes ¥rifh the 
repfica fOtm. The hybridizatkin reactton was conducted in 10 ml of a 100 ug/M (tenatimd salmon sperm 

46 DNA soUitton containing 10 ua of probe In 5 « SSPE [180 mM Naa. » mM t4MJP0^ I mM BDTA (pH 
7.4)1 and 5 * Oenhardf s wtth 0.1% SDS at 35«C for 16 hours. After raaction. the fitters were waited wtth a 
0.1% SDS solutkxi in 5 ' SSC (0.15 M NaCt. 0.015 M sodium cftrate] time times each at room 
temperature for 30 minutes and then two times each at 45'C tor 30 minutes IT. Maniatis et aL- "Motecute- 
Ctoning-. Coki Spring HartXM- Laboratory, page 309 (1982)]. 

so Radloautograms were taken for the washed fitters. A bactarial strain c^Mble of reacting wtth the both 
Wnds of probe was searched for by superposing the radloautograms for each pair of repik:a fitters. In this 
manner, a strain [Escherichia coll KI2 DHI/lpTB827 (IFO 14494, FERM BPH280)I capable of reacting wtth the 
two idnds of probe was obtained from among 5 ' tO" colonies. 

(2) The plasmid DMA (pTB627) was extracted from the strain obtained above in (I) tEscherichia cofl 

ss K12 DHI/pTB827 (IFO 14494. PERM BP-1280)1 by the aficaflne extraction method (vide supra) and purified. 
The cDNA portion of the plasmkl DMA was excised by using the restridton enzyme BamHI (Takara Shuzo) 
and fractfonated by agarose gel electrophoresis. The restriction enzym BamH I cleaved the cONA portton 
into 5 fragments (ZB kbp, 650 bp, 430 bp, 250 bp and ISO bp. respectively). These DNA fragments were 
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transferred from the agarose gel onto a nitrocellulose filtef (S&S*3 BA 85) [Southern blotting method; T. 
Maniatls et aJ.: "Molecule Cloning", Cold Spring Hartwr Laboratory, p. 382 (1982)]. This filter was 
hybridized with the above-mentioned two kinds of ^-labeled ofigonucieotide probe in the same manner as 
mentioned above. Radioautograms taken indicated that both kinds of probe had reacted with the 430 bp 
5 DMA fragment Therefore, It was considered that the majority of the middle part of the amino add sequence 
of human basic fibroblast growth factor (11) should be encoded on this 430 bp ONA fragment 

(3) Then, the base sequence of the cDUA portion mentioned above in (2). namely tiie five BamH l 
DNA fragments, was determined by the dideoxynucleotide synthetic chain termination method [J. Messing 
et ai^ Nucleic Adds Research, 9, 309 (1981)]. 

70 Based on the results of sequencing, tiie whole amino add sequence of human basic fibroblast growtti 

factor (II) could be determined. 

The base sequence of the cONA and the amino add sequerice estimable from said t>ase sequence are 

shown In Rg. 1. In Rg. I, the abbreviation trm" stands for "tenmlnater codon". The number n In (A)„ is an 

arbitrary number. The amino add sequence Is very dose to the amino add sequence reported for bovine 
75 basic fibroblast growth factor. This suggests ttiat said cONA shouki be a human basic fibroblast growth 

factor (!l>-encodlng one. 

In Rg. 1, the N-terminai amino add (amino add No. I Pro) was estimated from that of bovine basic 
fibroblast growth factor as reported by Esch et al. [Proc. Natl. Acad. Sd. USA, ez, 6507 (1985)]. 

The nine amino acids upstream from said N*terminai amino add presumably constitute a signal-like 
20 peptide. 

(4) The piasmid pTBe27 obtained above in (2) was digested with BamH l and the 430 bp ONA 
fragment coding for human basic fibroblast growtti factor was isolated. This DNA fragment was labeled witti 
»P by ttie ntek translation metfKxJ [Rigby, P. W, J. et aJ.: Journal of Molecular Biology, Ig, 237 0977)). 

Hybridization reaction was carried out by using 10 fitters witti piasmid DNAs immobilized ttiereon as 

26 prepared by plating ttie cDNA Hbrary mentioned in Example I (I) witti Escherichia ^li DHI as ttie host on 
one hand and, on ttie ottier, the above ^-labeled ONA fragment as a probe. The hybridization reaction was 
conducted in 10 ml of a 50% formamkje solution containing 10 uCi of thermally denatured probe (specific 
radioa:tivlty 5 « lO' cpm/og of DNA). 5 » SSPE (180 mM NaCI, 10 mM NaHsPO*. I mM EDTA. pH 7.4), 5 « 
Oenhardfs, 0.1% SOS and 100 ug/imi denatured salmon sperm ONA at 42*0 for 16 hours. After reaction, 

so ttie filters were washed ttiree times wttti 2 SSC (0J5 M Naa, 0.015 M sodium dtrats), 0.1% SOS solution 
at room temperature and furttier witti 0.5 ' SSC, 0.1% SOS solution at 60*0 for 30 minutes. 

Radioautograms were taken finom the washed filters, and four strains reacting witti the probe were picked 
up. The piasmid DNA was extracted from each of the strains by the alkaline extraction method (vide supra), 
purified and examined for the chain length of ttie cONA portion. All ttie cONA chain lengths obtained were 

35 as short as 500*700 bp. For the piasmid F7-I which was longest in chain lengtti among the four plasmlds, 
tile base sequence of the cONA portion was detenmined. 

It was fo und that ttie F7-I cDNA begins witti ttie middle of ttie codon for the IStti amiiro add <3ly - 

(^CCACTTC ), ttien enters, via ttie translational stop codon, ttie 3' untransiattonal regton and ends 

after a poly(^ chain (about 150 bp) starting from a site (Indicated by V in Rg. f) about 100 bp downstream 

40 from ttie stop codon. Recognitton of the poly(A) addition signal, namely ttie AATAAA sequence (doubly 
underfined in Rg. I), which is about 80 bp downstre am from ttie translation stop codon. is considered to 
lead to adcfition of ttie poly(A) chain. Therefore it was shown ttiat ttie himan bask: fibroblast gmwtti factor 
mRNA may Indude multiple structures differing in ttie 3' untrwislational region. 

Furthermore. Norttiem blotting hybridization (Maniatis, T. et al.: Ktoiecular Cloning, CoM Spring Hart>or 

« Laboratory, pp. 200, 082) for ttie mRNA extracted from human foreskin derived primary culture Fkm 7000 
cells (Ftow U.S.A.) or human fetal lung^terived primary cultiro HEL cells witti ttie above-mmtioned °P- 
labeled BamH l 430 bp fragment as a probe coutel detect at least five molecular spedes of mRNA. 

(5) The restriction enzyme map of ttie cDNA portion (about 4.3 kbp) and ttie vk:inlty thereof of the 
piasmid pTB627 containing ttie cDNA for human basic fibroblast growtti factor (II) is shown in Fig. 2. In Rg. 

50 2, H. X, B, P and E Indicate ttie Hindl ll, Xhol . BamH l. Psti and EcoRI deavage sites, respectively. 



Example 2 (Expression of hbFQF-encodIng gene in animal cells) 

55 Simian COS-7 cells were cultured in the manner of monolayer culture (Fateon plastic dish 60 mm In 
diameter) on DMEM medium containing 10% fetal calf senjm and then ttie medium was replaced with a 
fresh portion of th same medium. Four hours after medium exchange, a calcium phosphate gel containing 
10 ug of the DNA of tti piasmid pTBe27 was prepared by a known mettiod [Qraham et al.: Virology, 52 , 
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458 (1973)] and added to the calls to give pTB627Mnfected COS-7 ceOs. Further 4 hours thereafter, the 
cells were tre^ed wth giycaraJ aid then oihfvatlori of the pTB627-infectBd COS-7 cells was continued on a 
medium cont^ng dS^ MMi caff sanan. After 70-72 hours of cultivation, the medium containing hbFGF 
produosd thoan was cdlectedL 

Thwi, FalcTOT frfastic dishes 35 mm in cfiameter were sown with BALB/C3T3 cells (2 » (0* cells per dish) 
with DMB4 medium containinft 9% c* serum. On the next day. the medium was replaced with DMEM 
medium containing 0.5% calf serum. After the sui)sequent two-day cultivation, the al)ove-mentioned hbFQF- 
containing medium was added to the dishes in 100 ui portions and. two days later, the cells were counted. 

As shown In Table U it was found that the medium used for cultwating pTB627-infected COS-7 ceUs 
contained hbFGF capable of inducing cell dMsion of resting BALB/c 3T3 cells. 

On the contrary, in a control experiment in which the medium used for uninfected cells was used, no 
hbFGF production was d^acted alL The purifted bovine brain-derived FGF was purchased from Takara 
Shuzo. Japan. 



Table L hbFGF production by trans fection with 
plasmid pTB627 DNA 



Sample added to medium for Naimber of cells 
Bi^B/c3T3 cells per dish 



Medium abta±ned by culti- 








vating- pTB627-infected 


2.1 


X 




COS-7 cells 








Medium obtained by culti-^ 


1.2 


X 


10^ 


vating uninfected cells 








Bovine brain FGF (0.2 ng/ml) 


1.9 


X 


10^ 



Bgmgle 3 (Bcpression of hbFGFencodIng gene in Escherichia coll . in which trp promoter is tsed.) 
(I) CmstnicSon of hbFGF SKpression plasmid pTB669 

The plasmid pTB6Z7 obtained In Beample I (2) mentioned above and containing the hbFGF cDNA was 
cleaved with the restriction enzymes Aval and Ball , whereby a 0,44 kb DMA fragment containing the hbFGF- 
encocfing region. A BglQ ifnicer,. pC^QATCTQ, was Hgatsd with that DNA at its Ball deava^ site (blwit end) 
by TrONA ^ase, and after (figestion with Bgl li. a 0.44 kb Aval-Bgll! DNA fragment was isolated. T« DNA 
ligase was allowed to act on this 0.44 kb Aval-BglU fragment to thereby cause ligation between the Bgfll 
cleavage sites. Then. DNA pofymerase (Ktenow fragment reaction was canied out In tt» presence of 
dXTPs to render the Aval cleavage sites Wunt This DNA fragment was Ugated with phsophorylated 
synthete oigonudeotides. «^AATTCTATGCCAQCATTQC»' and ''GCAATGCTQGCATAa^. in the presence 
of T« DNA Ifgase. An about 0.46 kb DNA fragment was then prepaced by cieavage with EcoRI-BqIIL 
Separately, the trp promoter-containing plasmid ptrpTBI [Kurokawa. T. et al- Nudek: Adds Res., r^. 3077- 
3085 (1983)1 was cleaved with ^ and rendered bhmt-ended by T« DNA polymerase reaction. The Bglfl 
nnker pCAGATCTG was joined to the above cleavage product at the blunt ends thereof by T4 DNA Itgase 
reaction, the Hgatton product was cleaved wHh EcoRI-Bglll and an about 3.2 kb Df4A fragment containing 
the trp promoter, ttie tetracycline resistance gene and the plasmki replication origin was isolated. This 3^ 
kb DNA fragment was ilgated with the above-mentioned 0.46 kb EcoRI-BgHI DNA fragment contlaning the 
hbFQF«K»(fing gene regton by T4 DIMA Hgase reaction, whereby an hbFGF expression plasmid. pTB689, 
was constructed (Rg. 3). 
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Thts plasmki pTB669 was used to transfbrm Escherichia coil 0H1 to give a transform ai U carrying the 
plasmid pTB6W, namely Escherfchia coB 0H1/pTB669. 

pTB669 was also used in th same manner to transform the Escherichia coU strains K12 MM294 and 
C800 to give Escherichia cofi KtZ MM294/pTB6ra (IFO 14532, PERM BW281 and E. coB C800/t>TB6e9. 
9 respectively: 



(2) Preparation of cell extract 

70 Each of the above transformants was cultivated In M9 medium containing 1% glucose, 0.4% casamino 
adds and 8 ug/ml tetracycline. When the Klett value was about 200, 3-/3-lndolylacrylic add was added to 
25 ugAnI, and the cultivation was continued for fiirttier 4 hours. Thereafter, cells were harvested and 
suspended in one twentieth volume of 10% sucrose solution in 20 mM Tris-HCI, pH 7.8. To this suspension 
were added phenyimethylsulfonyl fluoride (PMSF=) to I mM (final concentration), EDTA to 10 mM, NaQ to 0.1 

T6 M, spermidine hydrochloride to 10 mM and lysozyme to 100 ug/mL After allowing to stand at 0*C for 45 
minutes, the whole mixture was sonicated for 30 seconds. The sonicstlon product was centrifuged at 18,000 
rpm (ServaJI centrifuge. SS 34 roter, U.S.A.) for 30 minutes to gh^ a supernatant which was used as the 
cell extract 



20 



SB 



(3) hbFQFacth^ of ceil extract 



The hbFGF activity was expressed in terms of that weight of a purified bovine brain FQF reference 
standard (Takara Shuzo) which shows tire same level of growth promoting acthHty against BALB/c3T3 cells 
26 as the sample. 

A Nunc 96-well microtiter plate (flat bottomed) was sown with mouse BALB/C3T3 cells (2 ' lO' cells per 
well) with OMEM medium containing 5% calf serurn (0.2 ml per well) and the cells were cultured. On the 
next day, tfre medium was replaced with OMEM medium containing 0.5% caif serum. After 3 days of 
cutth/ation, dilutions of the cell extract as prepared by serial 5*fold dilution with OME medium containing 

3o 0.5% BSA were added In an amount of 10 m per welt After 20 hours of continued culth/ation, 2 ul of 'H-Tdr 
(5 OArnnol, 0.5 mClAnl RCC Amersham) was added to each weU. Six hours later, cells In each well were 
scraped off by treatment with phosphate buffer (PBS) containing 0.2% trypsin and 0.02% EDTA and 
collected on a glass filter using a Tftertek cell harvester and the quantity of 'H-Tdr taken up by the cells was 
measured using a sdntiltation counter. The acth^lties of known amounts of bovine brain FQF (Takara 

3S Shuzo) were determined by following the same procedure. Based on the vvoridng curve thus obtained, the 
hbFGF contents in the samples were catoulated. The results ot^tained are shown in Table 2. 

In a control run, the hbFGF production in the transformant ^ raO DH1/ptrp781 obtained by transforma- 
tion of E. »B DHI with the plasmid ptrp781 was determined. " 

40 

Table 2 hbFGF production 

Transformant hbFGF production (on the 

^ oAia j-u iiucxii w per- 1 It er-ro f rrcultur e bas Is ) 



E. 


coli DH1/PTB669 


2.95 mg 


E. 


coll MM294/PTB669 


23.15 


E. 


coll C600/PTB669 


8.15 


• E. 


coli DHl/ptrp781 


<0.0005 



Example 4 (Expression of hbFQF-encoding gene in Escherichia coli, in which XPL promoter is used.) 
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0) Construction of htifQF expression plasmfd pTB 735: 

The plasmid pTB 669 obtaned in Bcampte 3 (I) was cfeaved with the restrictfon enzymes EcoR I and 
whereby a 0.46 kb DMA fragment was obtaned. This fragment has an inftiation codon ATQ and the 
5 hbFQFencsoCSng sequences. 

OiT the other hand, a prasmkl pTB 281 [A plasmid havfng X phage PL promoter, see Example 5 of 
BiropeOT Patent PubKcation No. 177915 A2.1 was cfeaved with Eco Rl and Bam HI, whereby a DNA 
fragment which has X PL promoter, ampidiin-resfstant gene and repHcatfon origin was isolated. 

This DNA fragment was Hgated with the above mentioned 0.46 Kb EcoRf-Bgl II DNA fragment by T4 
10 DNA iigase. whereby an hbFQF expression plasmid pTB 735 was constructed (Fig. 4). 

This plasmid pTB 735 was used to transform Escherichia coU N4830 cl 857(ts) to give a transfbrmant 
carrying the plasmid pTB 735, nameiy Escherichia col! N4830 cId57(ts)/|pTB735. 



75 (Z^Prepmaon of ceil extract and its mitogenic act^ity: 

The transfomnant obtained in the above item (0 was cultured in M9 medium that used in ExampI 3 (2) 
at35'C. 

When the Kett value of the medium reached about 200, the incubation temperature was shifted up to 
20 42*C, and the culture was continued for another 2 hours. 

After the cultwatfon, the cells were harvested, and ceil extract was made in a simila- manner as that of 
&(ampie3(2). 

Namely the cells were suspended in one twentieth volume of 10% sucrose solution in 20 mM Tris^Hd. pH 
7.6, and lo this suspension were added PMSF to I mM, EDTA to 10 mM, NaCl to 0.2 M, and lysozyme to 

29 100 ug/hii. 

After standing at 0*C for 45 minutes, the mixture was sonicated for 30 seconds. The sonicated mixture 
vras centrifuged at 18000 rpm (Servatt centrifuge. SS 34 roter. U.aA.) for 30 minutes to give a supernatant 
which was used as the ceil extract 

The mitogenic activity of this cell extract was measured against BALB/c3T3 cells in accordance with the 

30 method of Bcample 3 (3), whereby the value as the same as that of Escherichia ^ KI2 MM 294/pTB 669 
was obtained. 



Bcample 5 (Producttoi of hbFQRtyoducinQ anfanal cail trangfarmant) 

3S 

(0 Construction of plasmid pTB663 

The plasmid pTB627 obtained in Bcample I (2) and containing the hbFQF^ncoding gene was cleaved 
with the restriction enzyme Salt Separately, the plasmid pTB399 (Japanese Patent AppOcatin Laid-open No. 

40 61-63282, which connssponds to Etmpean Patent Publication No. 17^) was cleaved with Sall-Xhol and a U 
kb DNA fragment containing the Abelscm Murine Leukemia Vfirus (A-MuLV) long terminal repeat (LTR) 
regkm was isolated and purified. Both of these were mbced and Rgated together by T4 DMA Iigase reactkxi - 
(§aa deavage and )Owl cleavage gave homologous cohesive ends) and a recombinant plasmid resulting 
from insertion of the U kb Sail-Xhol DNA fragment into pTB627 at the Sail deavage site thereof with the 

45 LTR reskfing on the inswted U kb ONA fragment having the same directionafity as that of the SV40 early 
promoter occunrfng upstream from the hbFQF gene was selected and named pTB683 (Rg. 6). 



(2) Trmslbnmation of mouse L cells 

50 

Eagle's M04 medhim containing 10% bovine fetal serum was placed in Falcon dishes (6 cm in 
diameter) and mouse TK (thymidine kinasehdeficient L ceOs (LTK- strain) were cutlurad overnight at 37*C- 
After cuHh«tion, these celle (7 « 10» celisAdlsh) were cofransfected with 0.2 ug of the plasmid pTKBl - 
(Japanese Patent AppOcatton LaW-open rto. 61-63282 whfch corresponds to E.P. Pubflcation No. 172610; 
S8 containing the TK gem of HSV) and K) ug of pTB663 by the method of Graham et aL [Virotogy, 52, 456- 
467 (1973)1. After 4 hours of culfivation at 37*C, the medium was replaced with a fresh portion of the same 
medium and cultivation was continued overnight On the next day, the medium was replaced with HAT 
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medium (MEM medium containing 15 ttg/ml hypoxanthine, I ug/ml aminopterine, 5 ogAnl thymidine and 
0^ ug/ml glycine) and cultivation was further continued at 37*C, with medium exchange at 3K5r 4-day 
^itsfvala. In about 2 to 3 weeks, cells converted to TK^ grew to fbmi colonies. 



(3) Cloning of transformarrt and assay of hbFGF 

The transformant cells obtained In Example 5 (2) were cloned by the limited dilution method, whereby 
the transfomiant mouse cell lines L-bFQF-5 (IFO 60092) and L-bFQF-6 were obtained. The cloned cells 

70 after completion of cloning were cultured in Eagle's MEM medium containing 10% bovine fetal serum. The 
ceils of each clone isolated were sown into a Unbro dish and, when the cells reached a state of about 80% 
saturation, the medium was replaced with Eagle's MEM medium containing 0.5% bovine fetal semm. After 
48 hours of continued cultivation, the culture supernatant was assayed for FQF activity. The FQF activity 
measurement was conducted In the same manner as In Example 1 (3). The results thus obtained ar shown 

75 in Table 3. 



TfiODle 3 hbFGF production 



20 


Transformant (clone) 


hbFGF production 




L-bFGF-5 


4.8 ng/ml 


25 


L-bFGF-6 


3.5 ng/ml 




LTK" Strain 


<0.01 ng/ml 



30 



(4) Transformation of mouse BALB/c 3T3 cells and characteristics of transformant 

Mouse BALB/c 3T3 A3I cells were transformed in the same manner as In Example 5 (2) to give a 
38 transformant 

The amounts of the produced hbFQF secreted in the cultured medium and in the cell tysata of the 
transformed celis were measured in the manner of Example 3(3). 
The results are shown in Tat)le 4. 

From the results, it is tmderstood that a large amount of hbFGF is stored In the cells compared to the 
40 amount of it secreted to the mecfium. 

These transformed cells showed the specific morphological changes as in the case of A3I cell to which 
a purified hbFQF was added. 

Furthermore, these transfdrmants formed colonies in a soft agar. 
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Table 4 



TO 



transf ormant 



medium 



Amount of 
hbFGF (ng/dish*) 

cell extract 



A-bFGF-1 
A-bFGF-4 
A31 



<0.5 
3.2 
<0.5 



134 
238 
<0.02 



20 



Note: The amount of hbFGF per dish of. 9 cm diameter. 
Exampfe 6 (Purffication of hbFQF) 

Fbflowing the procedure described In Example 3 (2). E. cofl K12 MM294/ipTB669 (lf=0 I4S32. PERM BP- 
1281) was cultivated and a cell extract was prepared. A 25^1 portion of this extract (as prepared from 500 
mi of culture broth) was passed through a DEAE-cellulose (DB2. Whatman. Qngtand) column {diameter 2 
< 10 cm) equiBtrated with 0^ M IMaCI solution In 20 mM Tris-Ha. pH 7JB to thereby remove nucleic add 
components in the extract The effluent from the column and the column washings resultant from washing 
with 0^ M Nad solution in 20 mM Trls-HO. pH 7J5 were coOected and combined (DEAE effluent fraction 



aa 44 ml), 



AI4-ml portion of this fraction was applied to a high performance liquid chromatograph (QEson, Ranee) 
equipped with a heparin column Shodex AF^ HR-894 (8 mm ID « 5 cm, Showa Denico. Japan). The 
column was washed with 20 mM Tris-HCI. pH 7JS and then with 0^ M NaQ solutibn in 20 mM Tris-HCI. pH 
7.6. Thereafter, ebition was performed on a linear gradient of QJS-Z M NaCf In 20 mM Tris-HQ buffer, pH 
7.8, (elumt volume 80 ml, flow rate 1.0 mi/min). 

The elution pattern is shown in Rg. 8. In Bg. 8, the ordinate indicates the ai>sorbance ODa. as well as 
the NaQ concentration in the gradient The abscissa indcates the time. At time 0, the gradient eiution was 
started. Peak fractions were collected and examined for their FSF activity. The specific activity of the 
protein during this purffication process and the hbFQF recoveries are shown in Table 8. 
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Tabl 5 Pxirification of hbPGF from recombinant 
and specific activity 





Protein 


Specific 
activity 


Recovery 
(%) 


Cell extract 


34.2 mg 


0.051 


100 


OEAE-cellulose 
effluent fraction 


29.3 mg 


0.032 


53.4 


Heparin column eluate 


fractions 






Peak I 


200 ug 


2.9 


33.0 


Peak II 


50 ug 


0.66 


1.9 


Peak III 


27 ug 


1.03 


1.6 


Peak IV 


10 ug 


0.34 


0.2 



In Table 5, the specific activity values are relative to the FGF activity (taken as 1) of t>ovin brain* 
derived FQF (Takara Shuzo; purity not less than 95%). 

The BAt^c3T3 cell growth promoting activity was measured and the quantity of FQF which showed 
50% activity relath^ to the maximum value was defined as I unit Und^ these conditions, 0.02 ng of said 
Takara Shuzo's FGF showed an activity of I unit (I ng » 50 units). 

The peak 1 fraction showed the highest specific activity which was 2.9 times higher as compared with 
the commerctaJ FQF (bovine brain-derived FQF. purity not less than 95%, Takara Shuzo). FQF actMty was 
found also in peaks it. Ill and IV although the specifk: activity was law as compared with peak I. 

The peak I fractkm was analyzed by 17^% SDS pdyacrylamlde gel electrophoresis. A single band 
was ot>served at a position (molecular weight about 17,000) in good agreement with the molecular weight 
value calculated for the amino add sequence of hbFGF (Rg. 7). 

Peaks II, III and IV also gave a single band at the same position as in the case of peak I. Th 
distributton mong peak 1, II and 111 is considered to be due to differeneces in steric structure of the protein* 

In Fig. 7, the eiectrophoretic pattern a is for the peak I fraction and the pattern b is for molecular weight 
markers. The proteirts were stained with Coumassle BrilBant Blue R250. 



^ Bcample 7 (Qiaracterizatfon of hbFGR 

0 A 100-iig portion of the fraction (peak I) obtained by heparin affinity colimn chromatografi^y in the 
above Example 5 was desalted by dialysis and then evapcrated to dryness. Ttie resktue was suspended In 
0.1% trifluoroacetic add and analyzed by reversed phase chromatography ((^hromatopaddng Center, Ultron 
« 300 C-4, Japan). The condittons of analysis were as fbUows: The rate of flow was \JQ ml/min. The solvent at 
the time of sample Introduction was 0.1% trifluoroacatk: add. From 10 minutes thereafter, the acetonitrile 
concentration was increased llneariy, so that, after 60 minutes, the solvent was composed of 90% 
acetonitrile and 0.1% trifluoroacetic acid. As a result a peak was observed at about 40% acetonitrile, as 
shown in Rg 8. 
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Th eluate fractions around the peak as obtained in the above reversed phase chromatography were 
fractionated at one-minute intervals and subjected to poiyacrytamide gel electrophoresis. The resutts thus 
obtained are shown in Rg. 9. In Rg. 9, the pattern I is for molecular weight markers. 2 for the 35th minute, 3 
for the 36 minute, 4 for the 37th minute. 5 for the 38th minute. 6 for the 39th minute and 7 for the 40th 
5 minute luate^raction. 

TlTese peak fractions (4, 5 and 6), when subjected to SDS-polyacrylamide gel electrophoresis, gave a 
singie band. This pattern indicates that the hbFGF obtained in this way had a purity of 99%. Th * eiuate 
fractions corresponding to these peaks were recovered and the product thus obtained was analyzed for 
amino acid composition and N-terminai amino acid sequence. 



ii) Amino acid composition 

The purified protein (14 ug) obtained in the above Example 7 (I) was placed in a glass test tut>e for 
75 hydrolysis, 200 volumes (v/w> of constant boiling point hydrochloric add containing 4% thioglycolic add 
was added, and the tube was sealed under reduced pressure. Hydroiysts was then conducted at 110«C for 
24 hours. After hydrolysis, the titoe was opened, the hydrochtoric add was removed under reuduced 
pressure, and the residue was dissolved in 0.02 N hydrochtoric add and analyzed for amino adds on a 
i-iitachi model 835 high performance amino add analyzer, Japan Cystine and cysteine were not assayed. 
20 Based on the molar ratios thus found, the number of residues was calculated for each amino add assuming 
the number of a^wtic add residues as 12. The results thus obtained are shown in Table 6. 

Table 6 



Amino acid Ntrmber of Amino acid 

detected residues con^sition* 



so 





Aspairbic acid 


12.0 


12 




Threonine 


4.8 


5 


75 


Serine 


8.3 


10 




Glutamic acid 


11.8 


12 




Proline 


8.5 


9 


40 










Glycine 


14.7 


15 




Alanine 


8.9 


9 


45 


Cysteine 




4 




Valine 


6.4 


7 




Methionine 


2.1 


2 


SO 










Xsoleacine 


3.8 


4 




Leucine 


12.6 


13 


56 


Tyrosine 


6.9 


7 
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Pheny 1 aX an jji3 


7.8 


8 


Lysine 


14.3 


14 


Histidlne 


2.9 


3 


Arginine 


10.8 


11 


Tryptophan 


1.2 


1 



Note: The numerical figures tinder "amino acid 
75 composition" in the above Table 5 are the 

theoretical amino acid composition values 
for hbFGF as estimated from the base 

20 

sequence of the cDNA. 

The amino acid residue numbers shafm\ in Table 6 were In very good agreement with the amino add 
composition of human basic fibrobiast growth factor as estimated from the base sequence of the cONA. 

25 

iii) Amino add sequence of amino terminal portion 

A 28-ixg portion of the purified protein obtained in Bcample 7 (i) was analysed for the amino add 
sequence of the N terminal portion using a vapor phase protein sequencer (Applied Blosystems Inc., model 
^ 47QA. U.S.A.). The phenyltiohydantoin-amino adds (PTH-amino adds) fbnned were Identified and assayed 
on a Varian high performance liquid chromatograph using a Micropak SP C-18-3 column (Varian, U.SJL). 
The results thus obtained are shown in Table 7. 



35 










Cycle 


PTH-eunlno acid 


(niool) 


40 


1 


Pro (0.49) , Met 


(0.10) 




2 


Ala (0.51), Pro 


(0.05) 


4S 


3 


Leu (0.46) , Ala 


(0.07) 




4 


Pro (0. 33) , Leu 


(0.09) 


SO 


5 


61u (0.53), Pro 


(0.10) 



Based on the above results, the amino add sequence of the amino terminal portion of the purified 
protein 

65 was determined as follows: Pro-Ata4.eu-Pro-Gfu. This sequence was in agreement with that 
expected from the base sequence of the expression plasmid DMA. 
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Example g (Purifi<aion of hW=GF) 

Ta I Oter of asohrtioo of 20 mM Tris«HClpH7.4. 1 mM EDTA, QJZ M NaQ and I mM PMSF, 150 g of E- 
sch»teWaooff K12M»i294^pTB68&wtiich hasbeencuM^^ In the manner of Stampf 3 was suspendedT* 
5 This ajsponskxr ts subjectact to Firencfi press treatment at 4*C to give ceH lysate. 

This iysata was centrifuged at I8QQ0 rpm at 4*C for 45 mfraites with Serval centrifuge. SS 34 roter, to 
give 1^ Uters of a supernatant 

This supernatant was diluted with OJ M phosphate buffer, pH BJQ, to give 3 frters of solution, and the 2.4 
Bters of this solution were applied to a column of CM-celiuiose (Whatmann, CM 50, diameter 5 cm 30 
TO cm). After washing the column with OJ M phosphate buffer, pH 6.0, an eiution was carried out with OJ M 
phosphate buffer, pH 6.0 centring 0.6 M i^a to gh/e eluates of hbFGF. The absorbancy of the eluates at 
280 nm were measured, and fractions which contain protein were coltected. The eiution pattern is shown in 

Rg.ia 

The pooied fraction wWch Is marked — in Rg. fO was diluted threefold with 20 ml« Tr!s»Ha pH 7.4. 
IS OTd then was awiled to a high performance Rquid chromatography (QHson) equipped with a heparin column 
Shodex AF-pak HR-€94 (8 mm ID » 25 cm, Showa Oenko). 

The CM^ilulose eluates were allied to the column through^ injection pump at a flow rate of 4 mlAnin. 
After wailing the cduntn with buffer A [20 mM Tris«Ha (pH 7.4) containing I mM EDTA.] at a flow rate 
of 6 ml/min., an eiution was started under ttie following conditions: 
20 The protein was eiuted by linear gradient with the following buffore: 
0 minutes: 70% buffer A. 30% buffer B; 
200 minutes: 0% buffer A, 100% buffer 8; 
After 200 minutes: 100% buffer B 
How rate: 6 ml/rnin. 
2s fraction: 4.5 ml each. 

The eiution pattern is shown in Rg. D. In this chromatography, fractions of Peak I, Peaic II, Peak III and 
Peak IV were otetned. By tt^ procedure, about 20 mg of hbFGF was obtained. 



so Bcample O (Chmctertzation of Peak II, III and IV> 

Each about 100 ug of Peak II, Peak ni and Peak rv fractions obtained by affinity chromatography using 
heparin column in Bcample a was dialysed and then lyophyfized. The dried product was suspended in 0J% 
triffuoroacetic acid and tfie suspension was applied to reverse phase chromatography. (ChromatopacWng 
» Center, Uttron 300 C-4, Japan). The eiution conditiorts were the same as tix)se of Bcampie 6 (i). Namely, 
tiie rate of flow was LO mlAnin^ ml the solvent was 0 J% trifluoroacetic acid at tiie time of sample In^on. 

Alter 10 minutes, tfte acetonitriie concentration was increased lineariy, so tiiat, after 60 minutes, tiie 
solvent was composed of 90% acetonitrile aitd 0J% trifluoroacetic ackl. 

The result showed that all of the ttirse peaks, peak II, Hi and IV, were eiuted as a sharp singfe peak at 
40 the same position of Peak I, which was eiuted sround 40% acetonitriie. 

The peak fractions were recovered, and amino ackl composition analysis and N-tenninaf amino ackl 
sequence analysis were made In acconiance witii tiie metiKxl of Bcample 7 (iQ. (ill). The results are shown 
in Tables 8 and 0. 

The proteins of the peafcs II, lU and IV show no cfiffsrence wHh peak I protein In temns of amino add 
4s compositfon and M-terminai amino ackl sequence, md are in consistent with ttiose deduced from tiie base 
sequence of cONA of expression plasmkt 



so 
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Table 8 



Amino acid Number of Amino acid 

residues composition* 

Peak II Peak III Peak IV 



Asp & Asn 


12.0 


12.0 


12.0 


12 


Thr 


4.7 


4.7 


4.8 


S 


ser 


8.6 


8.5 


8.5 


10 


Glu & Gin 


12.6 


12.5 


12.4 


12 


Pro 


9.3 


9.2 


9.2 


9 


Gly 


14.8 


14.6 


14.7 


5 


Ala 


9.2 


9.1 


9.3 


9 


cys* 








4 


Val 


6.5 


6.7 


7.0 


7 


Met 


2.1 


2.1 


2.4 


2 


He 


3.9 


4.0 


4.0 


4 


Leu 


13,3 


13.4 


13.4 


13 


Tyr 


7.1 


7.3 


7.3 


7 ■ 


Phe 


8.2 


8.4 


8.5 


8 


Lys 


13.6 


13.8 


14.0 


14 


His 


2.8 


3.0 


3.2 


3 


Arg 


H.O 


11.0 


11.2 


11 


Trp 


0.9 


1.2 


1.6 


1 



Notex The numerical figures under "amino acid composition" 
in the above Table 8 are the theoretical amino acid 
composition values for hbFGF estimated from the base 
sequence of the cDNA, 
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Table 9 

Cycle PTH-amino acid (n mol*) 

Peak II Peak III Peak IV 

1 Pro (0.57) Pro (1.87) Pro (0.54) 

2 Ala (0.89) Ala (3.14) Ala (0.97) 

3 Lue (1.13) Leu (3.84) Leu (1.20) 
i Jl-84) Pro (0.52) 
5 GIu (0.92) GIu (3.21) Clu (0.99) 



Note: The amount of the protein used for analysis was; 

peak Ilr 43 ug; Peak III^ 80 vg; ..Peak IV^ 63 ug.. 

Bcamole K) 

£0 KI2 MM 294/pTB 669 (IFO 14532. PERM BP-1280 was cutturad in 500 ml of the medium 
the same as used In Bcample 3 

The collected bacterid ceils were su^)ended In 30 ml of 20 mM Tiis«Ha (pH 7.8) containing 10% 
sucrose. 

The suspension vras made to the final concentration of 5 mM EDTA, 0-2 MNaa, ImM PMSF, and was 
dMded in two (A and 8). 

To one (B) of the suspension was added <ffthk>thr8itol (DTT) to the concentration of 0.5 mM. 

To both the suspensions were added lysozyme to the concentration of 100 ug/ml. and the suspensions 
were kept standing at O^C far 45 ntinuftes. Then the suspensions were subjected to sonication. 

These solutions were contrifuged at 20000 rpm (Sen«i centrifuge. SS^ rater) for 40 minutes. 

Bach 7 ml of these ceil extract (A) and flB) were separately applied to column chromatography of 
Shodex AF^pak HR-894 (8 mm ID > 5 cm). 

After charging the sample* the column was washed with bufPar A [0^ M Naa, 20 mM Tris*Ha (pH 
7.4). I mM EDTA] until the at)sorption at 280 nm of eluate was reached to the background leveL 

Then elutton was canfed out by a linear gradient of buffer A to buffiar B [2M NaCI, 20mM Trfs^HQ I m M 
QDTA] at a flow rate of I ml/lTifri (eluent vofuine 60 nU). 

The ehitlon patfcam of the extract (A) and (B) Is shown in Ffg. 12- 

F=ifom th efuton pattern of the extract (B) In which DTT was Included, ft couM be seen that the almost aU 
of «ie eiuted protein was peak I and fiew other peaks (peak II. Ill and IV) were detected. It may be the effect 
of DTT wtiich prevent protain denaturatfon caused t>y oxidatton during purfflcation steps. 

So, this procedure brings high recovery of the most potent peak I fracfion. The mftogente adivcity of 
fte two peak I fractions obtained from the extract (A) and (B) was measured against BALB/t3T3 cell, and ft 
was confinmed that both purified proteins had the same specific activfty. 



Claims 

L A human bask: fibroblast growth actor which is a polypeptide Including the amino add sequence: 
Pro-AIarLeu-Pn><au-Asp-Qly-^y.Ser-Giy-AJa-Phe-Pro4^^ 
Lys-A8n-QIy-Giy^he4»he<eu-Aig.|le4fis-Pro-A8p-G^ 
IIe^.ys-Leu-Qln^,eu-Gbv-Aia-<3kj-Qlu-Arg-Qly-VaI-^^ 
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Lys-Glu-Asp-Qly-^rg43tHjeurAIa-SeM.ys-Cys-Val-^ 

Asn-Tyr-Asn-TTir-Tyr-Arg-Ser-Afg-Lys-Tyr-Thr -Ser*Trp-Tyr^VaMla4.eu4.ys-Arg-Thr«Gly<^ln-Tyr-Lys4^u^ 
Gly-Ser^.y9-Thr-<3fy4>ro-Gty-Gln4.ys-Alft-llaHj^ 

2. A recombinant DNK which contains a base sequence coding for the human basic fibroblast growth 
5 factor claimed in Cldm I. 

3. The ONA as dakned In Claim 2. wherein said base sequence Includes the base sequence : 
CCCQCCTTGCCCQAQQATQQCQQCAGCQQCQCCTTCCCQCCCQQCC 
ACTTCAAQGACCCCAAQCQQCTQTACTQCAAAAACQQQQQCTTCTTC 
CTGCGCATGCACCCCGACQGCCQAQTTGACGGQGTCCQGQAQAAQA 

fO QCGACCCTCACATCAAGCTACAACTTCAAQCAGAAGAQAGAGQAQTT 
GTGTCTATCAAAGQAGTGTGTGCTAACCQTTACCTGGCTATGAAQQA 
AGATGGAAQATTACTGQCTTCTAAATGTGTTACQGATGAQTQTTTCTT 
TTTTQAACGATTGGAATCTAATAAGTAGAATACTTACCGQTCAAQQAA 
ATACACCAGTTQQTATQTQGCACTQAAACGAACTQGGCAGTATAAACT 

75 TQQATCCAAAACAGGACCTQQGCAGAAAGCTATACTTTTTCTTCCAAT 
GTCTQCTAAG AGC 

4. A transfbrmant as transformed as a host cell with a vector Including the DMA claimed In Claim 2. 

5. The transformant as claimed in Claim 4, wh^etn the ONA is one claimed in Claim 3. 

6. A method for producing a transformant which comprises subjecting a host ceil to transformation with 
20 a vector including the ONA claimed In Claim 2. 

7. A method for producing the human basic fibroblast growth tetor claimed in Qaim I, which comprises 
cuith^ng the transformant claimed in Claim 4 in a medium and recovering ttie factor as produced and 
accumulated in the cultured broth. 

8. A substantlaify pure human basic fibroblast growth factor (hbFGF) protein, the hbFGF being obtained 
26 by a genetic engineering technique. 

9. The human basic fibroblast growth factor (hbFGF) protein as claimed in Claim 8, wherein the content 
of the hbFGF protein is not less than 95% (w/W). 

K)« A method for producing a substantially pure human basic fibroblast growth factor (hbFGF) protein, 
which comprises subjecting a hbFGF 
30 which is obtained by a genetic engineering technique to a purification procedure of high performance liquid 
chronuttography using a heparin column. 

Claims for the Following Contract Stales AT,GR.E8 

39 I. A metttod for producing a human basic fibroblast growtii fector which is a polypeptide including the 
amino acid sequence : 

Pro-Ala^.eu-Pn>Glu-A8p-Gly-Gly-8er-<3ly-Ala^e-Pro-Pro-Gt^ 

Lys-Asn-Gly<^ty-Phe-Fhe4jeu-Arg-lle-His-Pro-Asp-Gly-Arg-Vat-Asp-^ 

lle^-ys-Leu-Gln-teu-Glfv^ia^lUi-GI^ 

40 Lys-Gh>-Asp-Gly^Arg4.eu-I^Ala-SerH.ys-Cys-Val-Thr-As^ 
Asn-Tyr-Asn-Thr-Tyr-Arg-Ser-Arg-Lys-Tyr-Thr -Ser-Trp-Tyr^Val-Ala4.eu4.ys-Arg-Thr-Gty-^ln*Tyr-Ly84^ 
GIy-Ser4-ys-Thr'^ly-Pro-Gly-^3ln-Lys-Ala-lle-Leu-Phe-4.eu^ 

which comrwises cultivating a transfbrmant transformed as a host celi with a vector including a Di^ which 
contains a t>ase sequence coding for the factor in a medium and recovering the factor as produced and 
48 accumulated in tite cultured brotti. 

2. TTie metiiod as clamed In Claim I. wherein tiie ONA includes tiie base sequence : 
CCCQCCTTQGCCGAGGATQGCGGCAQCGGCQCCTTCCCGCCCGQCC 
ACTTCAAGQACCCCAAGCGGCTGTACTQCAAAAACQQGGQCTTCTTC 
CTGCGCATCCACCCCGACQQCCGAGTTQACGQQQTCCQGQAQAAGA 

60 GCGACCCTCACATCAAGCTACAACTTCAAGCAQAAQAGAQAQQAQTT 
GTGTCTATCAAAQQAGTGTGTGCTAACCQTTACCTGQCTATGAAGGA 
AGATGQAAGATTACTGGCTTCTAAATGTGTTACQGATGAGTGTTTCTT 
TTTTQAACGATTQGAATCTAATAACTACAATACTtACCGQTCAAGGAA 
ATACACCAGTTGQTATGTGGCACTGAAACGAACTGGGCAGTATAAACT 

S5 TGQATCCAAAACAGGACCTQGGCAGAAAGCTATACTTTTTCTTCCAAT 
GTCTGCT AAG AQC 

3. The method as claimed in Claim I, wherein tfie host cell in Escherichia coa. 
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4. The metfwd as claimed in Claim I. wherein the transfonnant Is Escherichia cog fOZ MM 294/pTB 689 
(PERM BPH2ay. 

5. A methoi for producing a trmsftjrmait; which comprises sut^isctfng a host cell to txansfbrniation with 
a vector Incfutfng a DMA which contains a base sequence coding fbr th humm tuslc fibroblast growth 

8 factor which fs a polypeptide tnducfing the amkio aa'd sequence: Pro-AIa-Leu^Pro-GIu-Asp-Qfy-Gty-SeHSty- 
AIarPhe-Pro-Prt>-<ay4fis-PheH^^ 

Pro-Asp-Gly-Arg-Vai-Asp-<3ly-Va^Arg-Giu^.ys-^-Asp4'^^ 
Gfy-Val-Val-Ser-lle-Lys^□ly-VaW^-AIa•Asn-Afg-Try^.eu•AIa•^^ 
Lys-Cys-Val-Thr-Asp-<3Iu<Jys-Phe-Phe-Phe-GIu-Ai^Leu-Glu-Ser-A^ 
10 Tyr-Thr-Ser-Trp-Tyr-Vai-AfarLeu-Lys-Arg-Thr-Qly-^ln-Tyr-LysH-^^ 
Alariie-Leu-Phe-Leu-Pro-Met-Ser-AIa-Lys-Ser 

6. The method as daimed in Claim 5, wherein the host ceil is Escherichia coO> 

7. The method as claimed in Clakn 5. wherein the DMA includes the base sequence : 
CCCQCCTTGCCCGAQQATQQCQQCAQCQQCQCCTTCCCQCCCQQCC 

18 ACTTCAAGGACCCCAAQCGQCTQTACTQCAAAAACQQQQQCTTCTTC 
CTQCQCATCCACCCCQACQGCCGAQTTQACQQQGTCCQGQAQAAQA 
GCGACCCTCACATCAAGCTACAACTTCAAQCAQAAQAQAQAQQAQTT 
GTQTCTATCAAAGQAQTQTGTGCTAACCGTTACCTQQCTATGAAGQA 
AGATGQAAQATTACTGGCTTCTAAATGTQTTACQQATGAQTGTTTCTT 

20 TTTTQAACQATTGGAATCTAATAACTACAATACTTACCQGTCAAGGAA 
ATACACCAGTTGQTATGTGGCACTQAAACQAACTGQQCAGTATAAACT 
TGGATCCAAAACAGGACGTGQQGAQAAAQCTATACTTTTTCTTCCAAT 
QTCTGCTAAG AGO 

8. A method fbr producing a substantially pure human basic fibroblast growth factor (hbFGF) protein. 
28 Which comprises subjecting a hfal=QF which is obtained by a genetic engineering technique to a puriflcaton 

procedure of Wgh performance liquid chromalograpliy using a heparin column 

9. The method as claimed In claim 8, wherein the content of tfte human basic fibroblast growth factor 
protein is not less than 95%^/w). 

10. The method as claimed in Claim 8, wherein the content of the human basic fibroblast growth factor 
30 protein is not less than 98% (w/W). 



35 



45 



80 



SB 



22 



0 237 966 



OOOOO O O O 

^CVJQO^O VO CVJ CO 

^ cvi ro CO ^ 



to 



O <C O f— O fi. 
VO OOOOO JC 
C5 O O O O 

OOOOO a> 

O < O O — 

o o o o 

OOOOO 

o I— o o 
<c o o o o 

OOOOO 

o o < o o o 
in o o o I— 

OOOOO 

o o < o-o 

OOOOO 

o < o o o 
o < o o o 

OOOOO 

o H- o o o a> 

O O O O «C 1 

o o o o o 
^ F— o <a: o o 

<C I— o o o 

O o o 

o o <^ <c o 

OOOOO 

o <c <c o o 
< < o o o 
<c o <c o o 
o < o o o 

O ' ^ CP ^ 

CO f— <a: c_3 o o 
I— o o o o 

OOOOO 
OOOOO 
O O O I— o 
OOOOO 
OOOOO 
O O O O 
OOOOO 

o o o < o o 

CM H- O O O <C 
OOOOO 

o o < o o 

OOOOO 

o o o o 
<c o o o 

OOOOO 

OOOOO 
_ OOOOO 
O OOOOO 
^ fC f— o o < o 

f— p I— o o o 

O O O O 

<c o o <c o o 

OOOOO o 

«C O O O O tsC 

OOOOO o 

OOOOO o 

O O O O I— H- 



o 
o 

o 



fi- o 
a> o 

CO <C 

>>o 
f— « 

o o 

CO O 

^ o 

< o 

CO < 

— o 

< o 

-M O 

Sis 

o 
o 
<c 
o 
o 

• o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 



o 
o 
o 
o 
o 




0 237 366 



o o 


O 


O 


w 


o 


CsJ 


CO 










00 


* 

3 < 3 CD 


3 CD 


3 


CD 






CU J— 




CD CD — 1 


^ o 


^ CJ 




cn CD ox 


rd < 




CJ 


>> S- CD 


f— cj 


f— I — 




— J < < 


< CD 


< 


CJ 


4J CU 3 < 


^ CD 






<U 1 — < 




r— CJ 




S < CD CD 




< CD 






S- r— 


cn < 










CJ 


< CD Q- r— 




—J < 


H- 


3 CD OJ f— 


CCD 


C CD 




0) J— JC 


1^ ^ 


<C 




-J C^ Q- h- 




CD CJ 




c^ a? C^ 




>»CD 






0} CD 


CD 


I— 


J— Q- I— 


C/) < 


CD CD 


CJ 


• CO I— 


S- CJ 


O \— 


H- 


CU >iCD 


JC CJ 


$- O 




< O CJ (— 


1— < 


a. CJ 


CJ 


CO 3 CD 


CJ 






cn < ^ <C 




^ CD 


o 


<C < CD CD 




CD CD 


CJ 


CO CLI— 


cn < 




CD 


1 — CJ cn <C 


>><c 


f CJ 




<C CD < CD 


^ < 


J— < 


h- 


cn I— ^ CD 


OICD 


cn <C 




>>C0 J= o 


S. CD 


>i<C 


<c 


»— «*: 


< <a: 






— CD — 




^ CJ 


j— 


<TS 1 — aJ h- 


CD CJ 


0> CJ 


J— 


> CD > CD 


CiO 


tn I— 


. 1— 


>><C cn 


0>CD 




s <c 


CD >iCD 


S- CD 


•— CD 


CD 


CD CD C^ h- 


< CJ 


CD CD 




cn < cn < 


O 


3 J— VO 




>i< >><c 


>>«C 


cu 1— ^ 


O) CD 




H- J— 


— J CJ ^ 


CO <C 




5- J— 


cn < 


cn CD 


J— cu C^ 


JT CJ 


>><c 




« < C/1 




-J < 


— » r< 


fi. 1— « h- 






CO H- 


O) CJ — C-) 


cn <C 




^ CJ 


C/J H- < CD 






< CD 


— CD 3 CD 


J- o 


C CD 




CO I— CU 






0) CJ 


> CD — 1 C^ 




CD O 


CO 1— 


— 3 <C 


C CJ 


>>CD 


4-» CD 


<o 1— a> 


cn <C 


CD 


<» 1— 


> CD —I 




CD CD 


s «: 


>>< o><c 


C 1— 


J- I— 


o < 


f— CD CD 


cn < 


f O 


CJ 


CD CD < < 




^— < 


a. CJ 


O OK O >»<C O 


s- J— o 


ox 


3 


\0 CD GO «— CD O 


0) CJ cu 


CD 


0) I— 


< <C CD CD «^ CO J— ^ 


< CJ 


-J CJ 


3 CD 0.t^ 




cn <c 


<U 1— 


< cn < 


— <c 


>><C 




CD CD <C CD 


CD CD 




Qu I— 



0 237 968 



OOOOOOOO 



OOOOOOOO 
00 ^ O VO c\J 00 ^ o 







CD 








1— CJ 


CD 


CJ 


\^ 


CJ 






CJ 


CJ 




CD 




CJ 


CD 




CD 


CJ 






1— 




1 — 








«^ 


<c 






^— 




CJ 


CJ 




< 1— 






CJ 




CJ 


<: CJ 




CD 








1— 








1— 


1— 








CJ 










CJ <c. 


U7 O 


o 








p 


1— 




CD 


CD 






1— O 






CJ 


CJ 




CD <C 


CD 










CJ CJ 




< 






1— 




CJ 


CJ 


CD 




CJ 












tJ 






tJ 


CD 


CJ 










1 














1 


1 


J— O 


CJ 


CD 




C 








CD 




1 






i 


CJ 




CJ 






















1 




c^ 


h— 


CD 


CD 








^3 




< 














CD 


CJ 


CD 


















I 






CD 


J— 






>^ 


r— 










1 












CJ 






















t \ 






CJ 


h- 


CJ 








1 






<c 






CI 








CJ 


It- 










t t 


o 








I™* 






< 




CD 














1 


























<c o 


r % 
v«/ 


■ 


■ 




t 




CJ 


CJ 






t 

r~ 








<c 


t 




* 

t 








CJ 


h- 










CD 


<C I— 


* 


t 










CJ 


}— 






t 

t 


t 






_ 








Ci7 


J— 




f— 






t 


CD 


■ ■ 












t 






1— 


CJ 




r— 


■ 






CJ 






^5 












CD 








^< * 


CO 


CJ 


1 






t 




CD 


o 




CD 


1 








< H- 








^3 






1— 


CD 


i— 


t 


^ n 






C3 •< 




r n 








CD 


o 


t 

t= 


CJ 








t 








i 


^5 










CJ 








r— 










f 




I— 




CD 


H- 




» 
























<C 


1— 




























CD 


CJ 
















t 










CD 


J— 


















t 










CD 


H- 




t£ 






t 






t ^ 










CJ 












r-~ CJ 








CD 


CD 




^— 






O 






■ 






CD 


J— 


1— 






CJ 


CD 


CD 


CD 


CJ 


CJ 


CD 




< 






CJ 








CJ 


CD 


J— 






<c 


CJ 


St 








CJ 


CJ 


CD 


CJ 




<c 


CD 




ff 


CD 








< 


<c 


CD 






I— 


CJ 


CD 






CD 


1— 


<C CD 


U CJ 






1— 


CJ 


t 


CD 


I— 


H- 




I— 


CJ 


CJ 


<c <c 




I— 


CJ 




CD 




< 


CD 


CJ 


CJ 




< 


CJ 


CJ < 




CD 




CJ 


I— 


CD 


CD 


CJ 




CD 


>— 


CD 


CD 












CD 






H- 


CD 


CJ 






1— 


CD 


CJ 


< J— 




i 


ff 


<C 


<c 


CJ 




CD 


<c 


CJ 


CJ 


<C 


< 


1— 


O CD 




< 


«c 




<c 


O 




o 




< 


CD 


CJ 
















CJ 




CJ 


CJ 


CJ 


CJ 


< 




f2 


< < 


1— <: 




f2 






ff 


H- 






H- 


CJ 


CJ 


CD 




ff 




< 


CD 




<c 


o 


CJ 


»— 


<c 


CJ 


CD 




»— 


CD CJ 














1— 


^— 


CJ 


CJ 


<c 


CD 




CJ 




cr> CD 


CD 


CJ 










1— 


CD 


CJ 


CJ 


< 


CD 


CJ <c 








CJ 


CJ 












CJ 


CD 




CJ 


< H- 






< 


O 


o 


CD 


ff 




CD 


1— 




CD 


CD 


CJ 


<C CJ 


CD 








CD 










CJ 






CJ 


<c 


<C CJ 










< 


^ 


CD 




<C 


CJ 


CJ 


*— 


CJ 


«c 


CD CJ 




CD 


CD 




o 




CJ 




CD 


CD 


CJ 






CD 




cD^«c 


«C 


CD 








1 


O 




f— 


1— 


^ 


CJ 






CJ 


CJ 


I— 




CJ 








CJ 




CJ 




H- 








CJ 


O 










o 


CD 


CD 


CD 


CD 


O 






CJ 


CJ 


CD 




ff 


CJ 


CD 


CD 




< 


CD 


1— 


1— 


>— CJ 



(123TWBS 



ooooooaoooooooooo 

t-HT-4«--ICMC>4CUCUC\lC>4CVJC\JCMCVJCNiCVICVJCVJ 



1 

Pe4 



J- 

O I— <c 
»— o o 

I— < CD 

J- h- 1^ 
<: |- 

CD I— O 
H- O ca: 

o <: 

CD O < 
H- CD < 

< o t 
<: I— CD 

CD CD <C 
H- CD <C 
CD < 

Ess 



CD 



CD 



CD 



O H- H- 
CD < 
I— < 

< o <c 
<c o <c 



CD CJ CD 
I— I— CD 

sai 

C^ CJ «c 

< CD 

O O J— 

ESE 

J— CJ H- 
<C <C CD 
J— J— 

< O CJ 

< CD CD 
«C I— i— 
<C O O 
C^ CD CD 
CJ CD H- 
CJ I— 

^- H- o 



<C I— <C CD J— 
CJ f— f— <C CD 
I— J— <C 
H- I— I— O <C 

cj <c <: H- < 

<c < <C CJ 
f— «C C-? o 
<C O < 
<C <C CD O I— 

H- <c I— <: c^ 

P H- <C H- I— 
^ J< < C^ CD 

CD <: P 1 1 
<: <: I- <c 

f— CD <C ^— CJ 

I— CD <: H- 

CJ C^ CJ CD 
<CI— CD J— 

<: o I— o 

CD < O I— 

< < !— CD I— 
<C «C CD CD 

<c CD <: I— 

CJ < CD CD < 
P <C h- I— CD 
I— C^ I— I— 
I— J— CD J— CD 
CD f— f— 
CD <C I— 
<C «:C <C H- 
«C CD I— I— I— 

»—<<:<:<: 

< CJ J— o < 
CD <C I— 

<: <: <c o 

O CD I— 1— I— 

p K- < C^ f— 
h- p p O 

J— « « 

CD I— H- CD 
P CD I— CD 

<C o 
J— CD CD f— I— 
W CD CD I— C-> 

O I— < w <c 
cj) CO <: «c 

CD <C I— 
H- J— CJ <C CJ 
CD <C <C CD I— 

< < <C CD O 
CJ <C CJ < o 
CD CD CJ CO 
H- CO I— CD I— 
O CO «C CD CD 
CD <C <C I— CD 
CD CO J— CD »— 



I— CO 




- 0 237 966 



o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


CO 




o 




CNJ 


00 




o 




CVJ 


GO 




o 


vo 


CVJ 


00 




CO 




o 


o 




r-H 


CVJ 


CO 


CO 






in 


vo 


vo 






00 


C\J 


CNJ 


CO 


cn 


CO 


CO 


CO 


CO 


m 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 



u 










CO 




<C 


J— 


1— 




CD 


1— 




CD 


»— 


<c 


CO 




CO 


<c 


CO 


CD 


CO 


CD 


CD 


CD 




< 


CD 


o 




1— 


H- 


CO 






CD 


CD 


<c 


^— 


CO 






<C 


1— 




CO 


<C 


o 




<: 


CD 


1— 


CO 




CD 




CD 


CD 




CD 


I— 


CO 


CO 






^ 




CD 


CO 


H- 


CD 




<C 


CD 


CD 


CD 


<c 


1— 


< 


<c 






< 


<x: 


<C 


J— 


CO 


<c 


h- 








< 


CD 




<C 




CO 


<c 


1— 








< 


1— 






CD 






h- 




^- 


CD 






CO. 


1— 


CJ 








CD 


CD 


1— 




o 


!— 






< 




<c 


1— 


o 


CO 




CD 




<C 


CD 


CD 




CD 


CD 


p 






CD 


< 


CD 


< 




<c 




H- 


CD 




H- 


< 






CD 


CD 


h- 


< 


< 


1— 






CO 




CO 








f— 




< 


CD 




J— 






C^ 




CO 


o 


CD 






e? 


CD 


CD 






1— 




<c 


1— 


CO 


1— 








CD 




<C 


h- 










<c 


CJ 


CD 




o 


< 




CD 


CD 


CD 


CD 


CD 


CD 




1— 


<c 


CD 


1— 


CD 




CO 


p 




CJ 




< 




H- 






<c 




CO 


H- 


CD 








CD 




CD 


CO 






CO 


CD 






J— 




P 






CD 


CD 














CD 






P 


P 


p 


CJ 


H- 


CD 


CJ 


o 






CD 














CD 




< 










J— 






CD 




CU 




CD 


CD 


CD 






t 






CD 


CO 


CO 




CO 


CD 


t — 




H- 




CO 






CD 


CO 


hi 


CD 


CD 




CD 












CD 


l~ 


CO 








CD 




CD 


1 — 






CD 


CJ 


CO 


CD 




H- 




CO 




CO 


CD 




CD 


CJ 




CD 








CD 




CD 




V— 


H- 


CD 




CO 






CD 


CO 


1^ 




< 


CO 




pi 




CD 






CO 






<< 




CO 


<c 




CD 




o 


CD 




CO 




CO 


p 


CD 






CO 




CO 




C^ 








CO 






CD 


CD 


CJ 


CD 


CD 


CD 












CD 


CD 






P 
P 




CD 








CO 




i — 






CD 


1— 




CO 








CO 




CD 










CD 


CO 


o 




CD 






CD 


CO 














CD 




CD 


p 




1* 




CD 






1 — 


CO 






CD 


CO 


CD 


p 


CJ 


fl 




CU 


CD 


CD 












H- 


CD 


CD 




I 












CD 
















1— 


1— 






CD 


CO 




^- 










CD 


CO 








CD 


<c 


CD 




1 








CO 


O 


CD 






CD 




H- 




CD 


g 




CD 






o 




CO 


<c 




CD 


t 


O 


o 




o 












CO 


CO 




1 










CD 










I— 


CD 


CO 








CJ 


c^ 


CD 


CO 














CO 






CD 




1 






CO 


o 




< 






H- 


CD 


CD 






^2 






CD 


CI7 






CO 






CD 




1— 






CD 






H- 








CO 


J— 








CO 




CO 


1— 


CO 




O 


cn 








< 






CD 






1— 


CD 


<c 


<c 


CD 


CO 




CD 








CD 






CO 


< 


<c 




CD 










< 




CO 


1— 




o 


CO 


1— 


»— 






1 






< 




J5 




CD 


CO 


< 








o 


CD 












CO 


CO 


CD 


CD 


CO 


CD 


< 




CD 












1— 


CD 


1— 




1— 


CO 






f— 


CD 




CD 






t 


CO 


<< 


CD 


O 


CO 


1— 


<C 


CD 


CO 




o 






1— 






1— 


CD 




1— 


o 


1— 




CO 


CD 




1— 


CD 












CO 




CO 


o 


CO 


CD 






CD 


I— 


1— 


1— 


1— 




1— 


CO 


< 


<c 








<C 




^— 




CO 




CO 




CO 


o 






CD 




CD 










CO 




H- 


CO 






I— 




CJ 






<c 




CO 


CD 


1— 


CO 


1— 


CO 


o 


CD 




CO 




CD 


C^ 


<c 


1— 




H- 


CO 


CO 




<c 








CO 


CO 




<c 




CD 


<c 




1— 




CD 


<o 


<C 


CD 


J- 


CD 



J— 



CD 



CD 
I— 
CO 



CD 



CD CD cC 
<C < I— 
< CD < 
CD CD <C 

III 

CJ CD <C 

<5 I— <: 
I— *c o 



t ia: «< 
CD < 



I— «:C 
I— CO CD 
CD < < 

I— o <c 



0 237 368 




0237 866 
Fig. 3 




Aval -Bo/ I 



0.44 kb 



Aval 9 6 
^ S/u Asp 

CC6A66AT 
CCTA 



AGC ffGAh TTTAATGQ 
TCSACTAAAATTACC 



oddltion of Bg/I /inker 
CAGATCT3 

( T4 ONA /fgose, Bg/ i ) 



CC6A66AT 
CCTA 



T66CA 
ACCOTCTAO 



I 




CC6A66AT 
CCTA 



T4 DNA Xigose 
Sg/S 

- T66CAQATCTOCCA 
ACC6TCTAGUC6OT 



ATCC 

TA0GA6CC 



{i 



EeoRI 
ft 



0 Klenow 

(f) oddltion of synthetic o/lgonuc/eotides 

5 ' A ATTCT ATG C CAGC ATT6C 3' 
5'0CAATGCT6GCATA63' 

(DEcoRI- Bgil 
0.46 kb 

Pre^ A to^tta Pro^ ^to Ajg 
AATTCTtATafcAScATTGCCCGAGGAT — — — 
GA nrAaa OTCGTAACGGGCTCCTA 



© Pst r 

© T4 ONA poiyme- 
rose 
(D Bg/l £lnker 

0 EcoRI * Bg/S 



Bgll 



BgiZ 



T66CA 
ACCGTCTAO 




] 

e 



0 237 966 



Fig. 4 



EcoRI 



SamHI 




EeoRI 



BamHt 



EeoRI -BomHI 



89^1/ Bam HI 



0 237 968 



Fig. 5 



SxU H 




So/ 



(Sai/Xho) 




0 237 966 




o 

o 



O 

o 



0 237 966 



Pig. 7 



a b 



-93 K 
-66 K 

-45 K 



-31 K 

-22 K 
- 14 K 



<K - 



1 



0 237 966 



Fig- 8 



OD 




I I ' 

0 20 40 60 

Time (minutes) 



1 



0 237 968 



Fig. 9 



• 2 3 4 5 6 



93K -. 



45K - 



14 K 




0 237 966 




0 237 966 




0 237 968 




